Four experiments were conducted to determine the digestible Thr requirement of commercial broiler chickens (Ross x Hubbard) during the period 3 to 6 and 6 to 8 wk posthatching. Threonine-deficient cornpeanut meal basal diets (3,200 ME n /kg) contained 20% CP and 0.50% Thr for 3-to 6-wk-old birds, and 18.3% CP and 0.50% Thr for 6-to 8-wk-old birds. True digestibility assessment using cecectomized roosters indicated that Thr was 81% digestible in both basal diets. Thus, both diets contained 0.40% digestible Thr. Growth rate and feed efficiency of chicks fed the corn-peanut meal basal diets supplemented with surfeit Thr was equal to that of chicks fed a 20% CP Met-fortified corn-soybean meal diet. Graded doses of Thr produced marked responses
INTRODUCTION
Growing broiler chickens consume much more feed from 3 to 8 wk posthatching than during the first 3 wk posthatching (NRC, 1994) . It is obvious, therefore, that one should neither overfeed nor underfeed nutrients as broilers advance in age and weight.
Threonine is the third limiting amino acid, after Met and Lys, in reduced CP grain-soybean meal diets for broiler chickens (Han et al, 1992; Fernandez et al., 1994) . The Lys and sulfur amino acid requirements of 3-to 6-wk-old broiler chicks have been evaluated extensively (Jensen et al, 1989; Han and Baker, 1994; Schutte and Pack, 1995; Baker et al, 1996) , but there is very little information on the Thr requirements of chicks beyond 3 wk of age. Penz et al. (1991) To whom correspondence should be addressed at: 290 Animal Sciences Laboratory, 1207 West Gregory Drive, Urbana, IL 61801.
(P < 0.05) in weight gain and feed efficiency in birds of both age groups. Maximal feed efficiency was achieved at 0.61% digestible Thr in 3-to 6-wk-old birds and at 0.52% digestible Thr in 6-to 8-wk-old birds. Extrapolating these digestible Thr requirements to total requirements for chicks consuming corn-soybean meal diets (Thr digestibility = 87%) results in estimates of 0.70 and 0.60% for broiler chickens during the growth periods 3 to 6 and 6 to 8 wk posthatching, respectively. These estimates are lower than those of NRC (1994) but are in close agreement with those obtained from ideal protein calculations, i.e., Thr requirements should be 70% of lysine requirements for chicks 3 to 8 wk of age.
1996 Poultry Science 75:1253-1257 recently, Thomas et al. (1995) suggested a Thr requirement of 0.56% of the diet for chicks from 35 to 47 d posthatching. Interpretation of these studies is difficult because of variations in chick age and differences in dietary CP and ME levels. Lack of Thr digestibility information also makes interpretation difficult.
The objectives of the studies reported herein were 1) to establish an accurate digestible Thr requirement for commercial broiler chickens during the 3-to 6-wk growth period, 2) to obtain preliminary evidence on the digestible Thr requirement of broiler chickens during the 6-to 8-wk growth period, and 3) to use the information generated to estimate the total Thr requirements for broiler chickens fed conventional corn-soybean meal diets.
MATERIALS AND METHODS

Basal Diet
Corn-peanut meal diets were formulated to meet or exceed requirements recommended by the NRC (1994) for all nutrients except Thr for broiler chickens between 3 to 6 and 6 to 8 wk posthatching (Table 1) . The basal diets were analyzed for CP (AOAC, 1980) and amino acids, the latter by ion-exchange chromatography (Spademan et al, 1958) following a 24-h acid hydrolysis under a nitrogen (Key words: broiler chick, threonine, amino acid requirement)
atmosphere. The same batch of ingredients was used to mix diets for all studies involving 3-to 6-wk-old birds (Experiments 1, 2, and 3). A different batch of mechanically extracted peanut meal was used in the broiler trial involving 6-to 8-wk-old chickens (Experiment 4).
Basal diets for both the 3 to 6 (20% CP) and 6 to 8 (18.3% CP) wk growth trials contained 3,200 kcal Me n /kg (calculated), and 0.50% total Thr (analyzed). A 2:1 (wt:wt) ratio of glutamic acid and glycine was used to meet a portion of CP levels in each diet. This was used to achieve lower levels of dietary Thr, while still attaining the CP levels that are typically fed to broiler chicks in the age groups studied. Additions of Thr to the basal diet were provided as feed-grade L-Thr (98.5%). The bioavailability of the supplemented L-Thr activity was assumed to be 100% (Chung and Baker, 1992) . Threonine additions to the basal diet were made at the expense of cornstarch. True Thr digestibility in the two basal diets was determined using adult cecectomized roosters (Han and Parsons, 1990) . Five roosters were crop intubated with 30 g of each diet, and five additional birds were used as feed-deprived controls.
Efficacy of Basal Diet (Experiment 1)
The purpose of Experiment 1 was to determine the response range to Thr, and to evaluate whether the fully fortified 20% CP corn-peanut meal diet would produce performance levels equal to those of a 20% CP Metfortified corn-soybean meal diet. Male chicks originating from the mating of New Hampshire males to Columbian females were fed a standard 23% CP Met-fortified cornsoybean meal diet (3,200 ME n /kg) from hatching to 23 d posthatching. On Day 24 posthatching, following a 12-h period of feed deprivation, birds were individually weighed, wing-banded, and assigned to experimental treatments and battery pens in a manner that ensured each pen would have nearly the same average initial body weight and weight range. Birds were housed in growerfinisher batteries with raised wire floors in a temperaturecontrolled building. Dietary treatments included four pens of four chicks. Feed and water were supplied for ad libitum consumption and a 24-h light schedule was maintained. Body weight and feed consumption were measured weekly during the 14-d assay period (24 to 3 d posthatching).
Threonine Requirement of Chicks 3 to 6 wk Posthatching (Experiment 2)
The 20% CP corn-peanut meal basal diet was fortified with equal increments of L-Thr to achieve digestible Thr levels of 0.40,0.46,0.52,0.58,0.64, and 0.70%. Assuming a Thr digestibility value of 87% in a 20% CP corn-soybean meal diet (NRC, 1994) , the total Thr level of the diet containing the highest Thr dose was roughly equal to 0.80% total Thr, well above the NRC (1994) Thr requirement estimate of 0.74% for 3-to 6-wk-old chicks. Glutamic acid: 'By analysis, the diet contained 20.0% CP and 0.50% Thr; by calculation the diet contained, 3,200 kcal ME n /kg. True digestibility assessment indicated that the basal diet contained 0.40% digestible Thr.
2 By analysis, the diet contained 18.3% CP and 0.50% Thr; by calculation, the diet contained 3,200 kcal ME n /kg. True digestibility assessment indicated that the basal diet contained 0.40% digestible Thr.
3 Han and Baker (1993) . 4 Provided 2.2 mg flavomycin/kg of diet.
Therefore, the levels were chosen to represent both the linear and plateau regions of the growth curve. Quadruplicate groups of four male Ross x Hubbard chicks were assigned to each of the six dietary treatments in the same manner as that described for Experiment 1. Experimental diets were fed from 24 to 38 d posthatching.
Threonine Requirement Confirmation Study (Experiment 3)
Quadruplicate groups of four male Ross x Hubbard chicks were used to confirm the requirement estimate established in Experiment 2. Utilizing the same batch of ingredients, the 20% CP basal diet used in Experiment 2 was supplemented with L-Thr to achieve digestible Thr levels of 0.62, 0.64, and 0.66%. Housing and treatment assignments were similar to those used in Experiment 1. Body weight and feed consumption were measured at the conclusion of an 11-d assay period (28 to 39 d posthatching).
Threonine Requirement of Chicks 6 to 8 wk Posthatching (Experiment 4)
Quadruplicate groups of four male Ross x Hubbard chicks were assigned to one of five dietary treatments in the same manner as described for Experiment 1. Environmental and management procedures were also similar. Birds were fed the 18.3% CP Thr-deficient basal diet (Table Means within columns with no common superscript differ significantly (P < 0.05).
1 Data are means of three pens of four male New Hampshire x Columbian chicks during the period 27 to 42 d posthatching; average initial weight was 591 g. 2 A11 diets were formulated to contain 20% CP and 3,200 kcal ME n / kgContained 58.8% corn, 31.6% dehulled soybean meal, 5.2% soybean oil, 0.15% DL-Met, and necessary vitamin, mineral and antibiotic (flavomycin) fortification as in Table 1 , 1) that had previously been shown to be deficient in Thr and to support maximal growth when supplemented with adequate Thr.
4 L-Threonine was added in equal increments to achieve digestible Thr levels of 0.40, 0.44, 0.48, 0.52, and 0.56%. Body weight and feed consumption were measured weekly during the 14-d assay period (43 to 57 d posthatching). Procedures used in all experiments were in accord with guidelines of the University of Illinois Committee on Laboratory Animal Care.
Statistical Analysis
Data from growth assays were subjected to ANOVA procedures appropriate for completely randomized designs (Steel and Torrie, 1980) by using the General Linear Models (GLM) procedure of SAS® software (SAS Institute, 1985) . In Experiment 1, means were separated using the least significant difference pairwise multiple comparison procedure (Carmer and Walker, 1985) . Single degree of freedom comparisons were made in Experiments 2 and 4. Digestible Thr requirements for weight gain and feed efficiency were estimated by single-slope broken-line methodology (Robbins et al., 1979) and by fitting the data of Experiment 2 to a quadratic response curve and then determining the dietary Thr level (X) required for maximal feed efficiency (Y). A value of 90% of the X value required for maximal Y was selected as the requirement estimate.
RESULTS
Both the 20 and 18.3% CP basal diets were analyzed to contain 0.50% total Thr, and true digestibility !Data are means of four pens of four Ross x Hubbard male chicks during the period 24 to 38 d posthatching; average initial weight was 775 g-2 Quadratic response (P < 0.01).
determination in cecectomized cockerels indicated that Thr was 81% digestible in both diets. Thus, the 20% CP basal diet contained 0.40% digestible Thr. Supplementation of the basal diet with 0.34% L-Thr increased (P < 0.01) weight gain by 110% and feed efficiency by 82% (Table 2) . Furthermore, chicks fed the Thr supplemented corn-peanut meal diet gained as fast and as efficiently as those fed a 20% CP Met-fortified corn-soybean meal positive control diet.
Threonine Requirement of Chicks 3 to 6 wk Posthatching (Experiments 2 and 3)
Weight gain, feed intake, and feed efficiency responded quadratically (P < 0.01) to graded levels of digestible Thr (Table 3) . Broken-line least-squares analysis (single-slope model) predicted a break-point in weight gain and feed efficiency at 0.60% digestible Thr (Figure 1 ). A quadratic equation also described the weight gain and feed efficiency responses well (Figure 2 ). The equation for feed efficiency was Y (feed efficiency, grams:kilogram) = -658.12 + 3611X -2646X2 ( r 2 = 0.94), with X being digestible Thr level (percentage of diet). The X value required to achieve maximal Y was obtained by dividing the derivative of Y by the derivative of X. The level of digestible Thr that maximized feed efficiency was calculated to be 0.68% of the diet, with 90% of this value being 0.61%.
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Experiment 3 was carried out to confirm that the Thr requirement during the 3-to 6-wk growth period did not exceed 0.62% of the diet (Table 4) . Weight gain and feed efficiency were not different (P > 0.10) in chicks fed 0.62, 0.64, or 0.66% digestible Thr, thus confirming the results from Experiment 2.
Threonine Requirement of Chicks 6 to 8 wk Posthatching (Experiment 4)
Weight gain and feed efficiency increased (P < 0.05) in response to Thr supplementation of the basal diet ( Table   TABLE 4 5). Improvements in gain and feed efficiency did not occur at digestible Thr levels above 0.52% of the diet.
DISCUSSION
The results of Experiments 2 and 3 support a digestible Thr requirement estimate of 0.61% of the diet for maximal feed efficiency of male broiler chicks during the 3-to 6-wk growth period. This is very close to the 0.62% digestible Thr need predicted from ideal ratio calculations Baker, 1994) . Thus, the Lys requirement of 3-to 6-wk-old male broilers is 0.89% and 70% of this Lys need calculates to be 0.62%. For a corn-soybean meal diet with a Thr digestibility of 87% (NRC, 1994), our 0.61% best estimate of the digestible Thr requirement translates to a total Thr requirement of 0.70%, which is identical to that calculated by the ideal ratio procedure (70% of 1.0% Lys = 0.70% Thr). The NRC (1994) estimate of the total Thr requirement is 0.74% for broiler chicks during the 3-to 6-wk growth period. Our results herein, together with ideal ratio calculations, suggest that the NRC (1994) estimate is too high.
Unlike our results with Lys (Han and Baker, 1993; 1994) and Met (Baker et al, 1996) , in which higher levels of the limiting amino acid were required to maximize feed efficiency than to maximize weight gain, the Thr requirement for maximal weight gain and maximal feed efficiency were similar. We have no explanation for this apparent difference among amino acids regarding response criteria effects on requirements.
The results with 6-to 8-wk-old broiler chicks do not lend themselves to a precise prediction of a Thr requirement. However, the data point strongly to the conclusion that the digestible Thr requirement during this growth period does not exceed 0.52% of the diet. Assuming this is a "best estimate" of the digestible Thr requirement for broiler chicks during the 6-to 8-wk growth period, one can calculate that 0.52% digestible Thr is equivalent to 0.60% total Thr for chicks consuming corn-soybean meal diets wherein Thr digestibility is 87% (NRC, 1994) . Assuming 70% of the lysine need represents an ideal-ratio estimate of the Thr requirement, one can calculate that 70% of the NRC (1994) Lys need (0.85%) of 6-to 8-wk-old birds is 0.60%, the same estimate obtained empirically herein (Table 5) .
The NRC (1994) estimates of Thr requirements for the periods of 0 to 3, 3 to 6, and 6 to 8 wk (mixed-sex feeding) are 0.80, 0.74, and 0.68%. These estimates represent a 15% decrease in the Thr requirement as birds advance from hatching to 8 wk posthatching. The Lys requirement during these same growth periods (Han and Baker, 1993; 1994) decreases from 1.20% (0 to 3 wk) to 0.85% (6 to 8 wk), which represents a 29% decrease. Using NRC (1994) sulfur amino acid requirement estimates of 0.90% (0 to 3 wk), 0.72% (3 to 6 wk), and 0.60% (6 to 8 wk), the SAA requirement decreases by 33% between hatching and 8 wk posthatching. Our Thr requirement estimates reported herein, together with the NRC (1994) Thr requirement estimate for 0 to 3 wk of 0.80%, [The NRC (1994) estimated Thr requirement of 0.80% is the same as that arrived at by ideal ratio calculations, i.e., 67% of 1.20% Lys = 0.80%.] suggest that the Thr requirement decreases by 25% from hatching to 8 wk posthatching. This 25% decrease is more in line with the estimated decreases in the Lys and sulfur amino acid requirements than is the case for NRC (1994) decreases in the Thr requirement of only 15%.
